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FORECASTING SURFACE WIND DIRECTION USING DEVIATIONS
FROM THE PE BOUNDARY LAYER WIND

Gary M. Carter

The Techniques Development Laboratory (TDL) has been providing surface

wind guidance to NWS forecasters since May 1973. We compute wind direction
from individual estimates of the u and v components (Carter, 1973). While

this procedure does minimize the mean square vector error, it does not minimize
the mean square error of the direction itself (Glahn, 1970). Therefore, we
decided to test a method of forecasting instead the deviation of the observed
wind direction from the concurrent PE boundary layer forecast wind direction.

Figure 1 shows the 20 widely distributed stations we selected Qf test the
direction deviation scheme. Forecasting equations were derived' by both the
u and v component scheme and the direction deviation scheme. Developmental
data came from the warm seasons (April-September) of 1970, 1971, and 1972,
and we used our standard set of predietors from the PE model (Carter, 1974).

Simple regression estimation of wind direction poses a special problem because
of the circular nature of this variable. Hence, in order to apply our linear
regression technique properly, we used only direction deviations between PE
boundary layer wind and the observed wind which were within + 90 degrees of
the mean deviation for the individual station. The station mean deviations
are listed in Table 1. They were determined subjectively by examining the
frequency distributions of the difference between the boundary layer forecast
valid at 1200 GMT and the observed wind at 1200 GMT during warm seasons of
1970, 1971, and 1972. Cases were eliminated from the development sample when
the observed wind was less than 5 knots or the boundary speed forecast from
the numerical model was less than 5 knots. This insured that the equations
were developed on meaningful deviations while allowing enough cases for
stability. The numbers of cases (out of 482 possible) used in developing the
deviation equations are shown in Table 1. The u and v component equations
were developed on all 482 cases.

We tested these equations on the warm season of 1973. Here, analogous to our
standard operational verification system, we eliminated cases where the ob-
served wind speed was less than 8 knots.

Table 2 shows the mean absolute and root-mean-square errors for all 20 stations
combined for our standard method based on u and v, the forecast deviation
scheme, and the PE boundary layer direction alone. All forecasts were made
from 0000 GMT data and were valid 12 hours later. As you can see, our normal
procedure is far superior to the deviation technique. In fact, the method
involving deviations is little better than using the raw boundary layer
forecasts.

Tables 3, 4, and 5 show these scores on a station by station basis. The
deviation forecasts, as well as the PE boundary layer-forecasts are particularly
poor for the western plateau stations of Ely, Nevada and Albuquerque, New
Mexico.



These results indicate that in general the PE boundary layer forecasts of wind
direction were not well enough related to observed wind directions to favor
using the deviation technique. Also, the predictors we screened may not

have been well-suited to the direct prediction of wind direction. However,

the difference between our present scheme based on u and v and the experimental
deviation method is so great, it is doubtful that any efforts to change either
the predictors or the regression technique would be worthwhile.
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Table 1. Mean values of the difference between the PE forecast boundary
layer wind direction and the observed wind direction at 20 selected cities
for April through September of 1970, 1971, and 1972. All data were valid
at 1200 GMT. Also the number of cases used in developing the direction
deviation forecasting equations.is given for each city.

Station Mean Deviation Number of Cases
Tampa, FL | 1G° 275
New Orleans, LA 10° ‘;57
San Antonio, TX 300 261
Atlanta, GA 10° 302
St. Louis, MO 20° 302
Buffalo, NY 0° 361
Hartford,lCT i T 244
Burlington, VT 10° 247
Green Bay, WI 10° 297
Sioux City, IA By 315
Albuquerque, NM 20° 179
Goodland, KS -10° 354
Ely, NV -10° 153
San Diego, CA a5° 155
Lander, WY 00 173
Spokane, WA 500 298
Portland, OR 40° 157
Fresno, CA lO0 138
Baltimore, MD 10o . 266
Detroit, MI 20° | ’ 319




Table 2. Errors associated with objective forecasts of wind direction for
20 stations combined (see Fig. 1) during April through September 1973.
All scores apply to forecasts valid at 1200 GMI. The initial data were
from the 0000 GMT runs of the PE model and 0600 GMT surface observations.

- Mean Root Number
Forecast Absolute Mean Square of
Method Error Error Cases
(degrees) (degrees)
u, v Direction 24,7 37.1 - 874
Deviations 39.0 5546 ‘ 874
Boundary Layer Forecast 46.1 63.9 874
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